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ASSTRACT

Thrrr romp~rt. reacLor concepts are now
IIll,lrr i ,>llsi,lt.r,ll,i(.,11 hy the U.S. Space Nuclear
Pl,.:fr IJIIJ*I’JIII (LIIC S1)-l OO Progr’lm) os candi -
I.lAle” for the [ir~t 100-kWe-c, 6s apace re-
actor. Each of these renctor deaigna puta
unique conatrainta and rcquirementa on the
furls ayotem, and rnises issues of fuei ays,’
lIWIS lrilsillili Lv :IIId pcrfurmfince, This paper
ll,.c.s(,IILs ,1 !,ri,,: ~)i,rrvl(w of (IIC fuel require-
ments for Lli(, PI IprIsuIl ~pnrr r-:irtor denigna, a
delineation oi the tecilnir~l [caslbility isauea
that Path rnlaes, and a deacrtption of the fuel
syatema development and testing program that
IUIS htw-n rst,lblishe,l to adrlresa key technical
i#SUil:i ,

MISSION PIIwFR REQlllRtYIENTS

A set of preliminary design Buala for the
SP-IIW) system hJvr Imen dcflned (1), The moat
nr,l.lhlr 01 LI,USO~rr that the powrr syaters munt
prod,m JL lc~st 100 kWe of power, Lhnt it have
il ma~:s of Icsa than 3000 kR, nnrf that it must
lit into one-third of th,, apace nhuttle bay.
The spccifirdtion of a 100-!.We pokvr output to
the pilyload is ba~erl on the rf’quircmert.a of J
number of potrnti. tl civllinn ond ❑llit~ry mia -
ston: Anong Lhr?ne arc cormnunlcation~ ml aur-
velll~nce a.itollitcs, apace-baaed radar aye-
LWUS, Sp;lce Ytdtion ~wpport, and mfirrulatturlnp
III space, Thr wright nnd volume cnnalralnlti
~riae hecauac, ns indic.lted, the upace ahuttlo
will Im u~ed LO rnrry thr SP-100 syntcm into
low earlh orbit from which it will be broated
Lntu space with on auxiliury rocket ayntnm. ‘rO
JCCI”,plinh Lhi~, the SI’-l Otl nystem must fLl,
,IIOnR with jtn ;lnHnrinted hardware and rocket
h(,ust sytilum, into Lhe ciirgt) htiy 01’ Lhe npilce
:lhwt (lo, ,lml hr of Hu6h w~ight thnt it cnn frr
d(.riwmnodnlwl hy ~hr nhulllr prop lll~ion tIYHlrmi
,\n ,Iddi tjunnl rrqul remcnt, iIILhu IIHh 1101 lnr -
m.ll]y NpI!Lif ’iI*d, iH lh~ ,l~HirP tn lnnm’h II tly -
JIJIO ronrlor *y~trm in the vurly IV90H. Thin,
[It ,’0111’HI!,lmpoul*H u drfitti’.c limi LnLloil on Lhc
‘.inw’ Jvoilllhlt’ Ior ilnrnrsHmwlt anll dcvolupnw,nl
III cilnd i 11,11o rt rlor illlll p{)wrl’ rv-mv-r~ion
lr~’hnolO~l(~H.

CANDIDATEREACTORSYSTEHS

During 1983, the SP-lrJO project manage-
ment, with the aaaiatar, ce of technical experts
from industry and government laboratories, con-
sidered a wide range of potential reactor con-
cepts to meet the SP-1OO ayatem requirements
(2). In all, aev?ral dozen combination~ of
reacLors, heat tranaport technologies, and con-
version ayatema were considered. From amona
theue, the field haa now been narrowd to three
that appear to be best suiLed to meet the
SP-100 operating requirements.

●

1. A low temperature reactor utilizlng a
modest ●xtension of liquid-metal faat
hreed~r technology coupled to an ad-
vanced free-piatan Stirling conver-
sion system. This reactor , which Would
operate in the 900-1100 K range, fea -
curea UO or UN fuel clad in atainlema
aieel o? Nb-lZr. The primary he~t
tranaporc ayatem would ume pumped
liquid Na or Li aa a coolant,

2, A pumped liquid-Ll-cooled, pin type
reactor designed to operate at about
1500 K coupled tc an advanced thermo-
electric converter, Th~s syntcm would
incorporate UO. or UN fuel clad in
Nb-lZr-O, lC, flU-13Re, or h’.Z5 Re. A
TJ-baued III1OY (ASTAR.SIIC) iO aloo
under uonnideration n~ a c!tuldlng
mnteriai in thiu eyntem,

3. A high temperature (*1700 K), UO -fueled
ireactor featuring ●n :n-:nre th rmlonic

corrvera~on system with J pw~ped NaK pri-
mary coolant loop, AC prraent, the
themionic converoiou #y~Lwm utilizee
n W emitter and n Nh collectnr,

The#o thrrc candidate rructor uyatema will
rmmtind Lhc I’IWIIUnf tlm rrsrninder of the tech -
nmlugy .Iaru aament ●nd udvnncmsml phner oi’ the
SIJ-lt10 lJroRr~lm with lh~ Intent to narrow thi H
Mronp Ln lhr ❑out L’eamihle IIinglc conrcpl tor
lurthrr drwlopnmt LII LhF wubnrliurnl ground
~nRlncrrinM myotumtr tcsl irlivllir~ :It’hedn]ed
Lo hrRin in mid IW15,



FLZLS SYSTEMSPERFCWOL4XCEREQUIRE?IFATS

As detailed above, Lhree candidate reactor
systems have been defined .to ❑eet the func-
tional requirements of the SP-1OO Program.
These requlremerrts can be best meL by a com-
pact, high- tempersturr fast rtsrt(, r system
coupled to an advanced static ou dyntimic eltiu-
LricJl conversion s:~slem. rrum Lhis d.cfini-
Lionp a series of geuerlc IUCIS systems perfor-
m.lncc rt?qui,:rrntints have hecn identified, and a
technnl~gy assessment and advancement effort
IL.IS I)t,t,ll initiated to supplement existing
Iincmiedgr regurding the likel ihowl Lhat tile
proposed fuels systems c~n meet such require-
ments. For the three reactora under consider-
ation, two ❑ajor technical feasibility ianuen
havr been identified (1). These are: fuel
swellill~ !l,d fisuion product behavior during
lrr~[li ~ion and fuel-claduing-coolanL compaLi-
hility at operating temperatures. These is-
auea, by definition, are considered to bc po-
tential “show stoppers” crucial Lo the baaic
functioning of tbe reactor core.

E“IIel Swi~lIillg and Fission ProducL Behavior

During the burnup of the fuel in reactor
oi]eration, the fuel ntoichiometry is contin-
uownly chnnRing and fission productu are being
10 rmc,l. [)cpcnding on Ihr fuel fl~~ion rnte,
nnd fu(,l tcrnperaturc, and thermal grodicnl, in-
sol. uhlr fis~ion products can migrate from the
pninlu of formation in the fuel itLomic lattice
YO volda and grain boundaries where they accu-
multitr and form gas bubblen. ‘This nucleation
and coalescence of finaion products in Lhe in-
Leratices of the fuel, Raulta in Volumetric
swelling, and, ultimately, cracking of the fuel
c~n occur releaaing fission products to the ex-
Lcrnal aurfacea of the fuel. Fuel nwelling and
t’iniiion gas pressure, exertimg unticceptable
titreaseu on the claddLng matcrinl, represents
one of the major life- limitin~ fartors in f L
reilclur ayntemam

At thr lower temperature ran~e of iuteresl
to the SP-1OO Program (<1500 K), some data on
110, tind UN swelling and fission product be-
Ihldlor cxiatn (3). Nowever, all of theme data
ilrr? from rrl:llivcl ‘ low burnup (s~%) irradia-
tlom, cwndnctrwl [n .i thermal reactor. Thr la(k
nl hnlh dJt J and a mrrhanintic undrrntnnding 01
[1!),, ,11111UN rwvtor-luelH brhovinr, urdrr the
~pficit’lr uperilllng rondilions unvislonrd for
Lllv iwid- ,Ind hi gb-tempprillure SP- 1[)0 reactors
(Ionn lil’LILimrH, hiRh hurnups Jnd high Lmprr -
,l(urvs in J l,IHt nrulron rlttx), ih n mujor
lril~il}lll~y istiur Lhal iH now brit~~ dddrl*nHed
I II 1hit Ilrln Ikwrl(Jplm!IIL and Irrndialion
[IS14[ p:w~rnm,

t’111’1~Systrrn COIJlpfltihilil)l. . .

tuel , the refractory mtital cladding surrounding
the fuel, and the primary coolant (an alkali
metal) are sufficiently compatible with one
another to aaaurr high temperature operating
reliab~lity during reactor lifetime, A major
problem here is the potential for creep ru!ttur(
of the cladding, allowing the fuel ,nnri ic,>],lnt
to come iuto contact. The consequences ot sur!l
contact variea in aeveri:y dcpeudina M ‘.lle
❑agnitude of the rupture (a pin hole vs J ;.?rge
rupture of the cladding), the coolant c.w,posi-
tion (Li, fia, or NaK], the fuel composition
(UO,, or UN), and Lhe temperature of che fwsl-
cnotant interface. An isolated, Ilonpropagll:ivr
incident of tuel-coolnnt interaction may he Ac-
ceptable, but a propagation of leas of cladding
integrity duu to chemical or physirnl incompat-
ibilities beLween the coolant, cladding, and
fuel is clr+nrly rktrimental to the retctor sys-
Lcm, parLirul~r]y wLLh respecl t., design lLi&-
time.

Cladding degritdation can occur by several
diBtinct mechanisms. First, fuel constituents
or fiaaion products, or, alternatively, impuri-
ties in thr coolant system, collld chemirmll:~
illtt?rtll:~ WiLh LIIF L1.idding mJteri,lL Lo .!hJll&t
its compositir,n, aud, hence, alter Lts efL’ec-
tiveneas aa a barrier ❑aterial, In tiddition,
fuel or coolant components can miarate into the
interalicea of the cladding ntructure and accu-
mul.lte at grnin bnund~ries or voids, thus po-
It,lltially .+lterlug, in n detrimental manner,
Lhe mechanical propertied of the cladding mate-
rial, Also, at the hi~her operating tempera-
ture ●nvisioned for the propomed SP-1OO re-
actora, the pomslbility ●xintm that productn or
coatponenta from the fuel or cooling system can
migrate rapidly enough thr ,ugh the cladding
material to cauae unw~nted changea to the re-
actor ayttem even with a relatively il,tact
cladding structure, Finally, the ●ffects of
prolonged irradiation on the properties of the
cladding materialo nerd to be considered, Ir-
radlaLion indurerl changeu to the structure of
the rladdlrta that would twnd to reduce ita
creep atrenglh or ductility cuuld alao be life
threatening to the reactor ayatem,

This whole seri~a of potential fuel-
cladding-coolant Interaction is another area
where there La ● paucity of data or under-
ntmuilng for the materialo in~olved under the
ucvcrc uperating conditimra of the candidate
!+1OO reactor tiyutcmri, ‘This alao im a tech-
nical Crnsihility irxuc :hnt ia hcing fucuacd
on wilhln the firut phase of the NP-100 Pm=
firnm.

(Ihvlowaly, not all of the trrhnicnl iaauc~
idrnlifld above dplIly to all three of the re-
,irlor syuleha under comalderatirut, In fact,
althnugh a Inrsc engineering development ct’-
Iort will ho rquired, therr arr few feasibil-
ity quraliunm al~out the fuel (heyonJ thouv
which nlrmniy exist [or Ilquld-metal breeder’



!.

icautors) for Lhfi IOK temperature reJctor-Stir-
ling engine option (1). The major Leclmicnl
rh.lllenge with Lh~s option is the development
,.1 Lhe ~d.;,inced SLirling conversion system it-
.!, ,:,

,,1 Lhc r.1::<, (’a,’ thr 1500 K liquid-metal-
l.,l.i l-l r,, ~c[fl>rltlltnrmi>rl,:cl. ric opt ion, fu.?l
sf,(!lilll~ Is :! fllnct:ol) ,jl !,tlrnup, tL,mperature,
f!wl thcrmtil qrndieut, and fuel .stoichiometry
is JI\ ~rca oi technicill uncertainty that needs
z:, !w .l!idr,. ssc~,l (1), ,llso of concern here are
!lic issll~.s of Lhr rhcmi c+] nnd physical compat -
ihilitius of the iuel-refractory metal
,: Lndding-dlk31L met~l cooldnt system, ~,nd the
rfl’r(’ts of fnst-flusl radiation on the ~chan-
i~.11 properties ot the cladding material.
f’hesu dre are~s where very few data exist, and
which arr being nddre~sed by SP-1OO sciell Lis Ls
and engineers.

Finally, the fuel system in the high-
temfserature (in-core thermionico) reactor op-
tion also presents some ❑ajor technical uncer-
tainties of concern to the SP-100 Program
(1,4). llIt. st’ involve fuel swelling rates and
mechon ifims, tlnd subsequent swelling uf the
●mitter sy~Lem] .Ind Lhe physical and mechanical
stebility of the insulator materials over the
reaclor l~fetlme in the severe temperature and
radiation environment inherent to this system,

‘TIIEsP-100 FUE1,S SYSTEtfS
OEVF,[iuPNENTAND TESTING PROGRAII

“r!) ad!lrcsh thr lt!chlli~iil uncertainties de-
fined in the prcvioun seclion, a program of
lurls and cladding development ●nd irradiation
ti,hting I,JS Ivww started to provide the ad-
vn.hcva ill nl~4Lvrl;lls technology nccensary for
the 1 imcly ,Iuvelupmcnt of the preposed SP-1OO
Ik’aclor syst(:m (6’1. This program is composed
,)1 l,)ur !!isLlnrL l)h,Iuus

!“11,1:, ]H,I !l:,[rri,ll~ Synthesis and Fahri-
~Jti,,ll

f’)ut-ot-h;)rlor tfntcvlalo Testing

Mi]teriul~ CompnLibility Tenting

[u-h~rtor Fuels and Htitertals Tenting

Work un thv lirHL Lhrcc phanen of the pro-
#rilu ih ~Iirt’oIILly Illl,l(,rwh:l, Jnd planning La :,
-In adv~nclul HL~iMI~(LJ hrgin phaue t’our, An nnw
euvt oI!mwl, phu~en one Lhrough three will con-
Llllue Ulll~l dhlt IS~ll ]()~’), Phnue four will be
nt~lrtud in IULr 19f14 iInd continue through lYt15,
‘1’hew inltinl nctivi LirH, however, arc ~cnp Lrsg
in nyturc Jnd nrn timml to nddreHa some of thr
mis,j,]r tr;lnibility qn~slivnu by mid 19f15 to aup-
I?orl thr fln;ll srlri.Lion nl ,1 HIII~ln ~-onccpt
for fllrthrr nllgin{~crillM Illlvtllollmrnl, Mnr~’
detnilrd work, to provide nrcnnn~ry .ldvauc~n
In fuelm ~yutcmu tevhnolugy ~nd to develop H

fuels and materials irradiation data base,
vill be slarted at the beginning of the ground
engineering phase of the SP-1OO Program in
late 1985,

Fuels and flaterials Synthesis and Fabrication

Throughout this program, sartples of the
fuels and refractory .nlll-!ys speclfie,l for Lhc
SP-1OO reactor aysLems will he needed tor d;La
base developmanL. fabrication development dnd
properties testing, and for prototype reactor
development, To avoid costly ●rrors in ,iudg-
ment and propcanmmtic delayn, these must he
materials with weil chnlncLerizwf compofiitions,
structures, and properties. With Lhe excpption
of Uo , none tif thu Kuels systemti cumpollellt
mater?bla are readily ~vailahle at Lhe moment.
The purpose nf this lirsL phnse of the fuels
program is to provide at the ons(~t a supply of
well characterized reactor furls and refractory
alloy cladding mat~riala with known properties
and crapoaitions for both in- and out-of-re-
acLor testing, and to develop the technology
for reproducibly synthesizing these maLeIiiiLs
and fabricating them into componenL .ls$iiwt,llrs,

In Lhis effort, UO. dnd UN fuel are being
ayntheaized, charscteriz&l, and fabricated intu
prototypic fores. Fuels of varying &toichiomr-
trien, dennitiea, porosiLicH, And physic .11
fo~s will be wde (5), Although these activi-
ties for W appear to be reasc,lahly atrnight-
forward, fftl~of the desired characteristics for
use [n SP-1OO wnrk, has not been made for over
10 y~rm, and, conaequcntlyl much drvclopmcntal
work must initially be Jonc,

Likewise, a conrsirfernhle effort is under-
way to aasems the adequccy 0[ the refractory
alloy candidates for the proposed SP-1OO re-
actoro. These aLloyu systemu (Me, Ta, N%, and
W based alloya, for the most part) were chonen
be,.auue of a perceived beneficial combination
of phynic~l, mechanical, and chemicnl proper-
tied , }lowev~r, the data brine nn thr l~~hovtor
of these alloy syntem~ un,ler ,,llvil.,,llln,,l]L,ll
conditions simulating thoue in u SP-I(JO t:P-
actor im ●xtremely thin. In some Lnstances,
no data ●xist at all, To complicate matters,
none of the ●lloys of interest are av~ilable
on a reaular comercial baain, Thereture, a
second crucial component of the current SP-100
fuels develqmtent and tenting ~[fnrt ia to pre-
pare developmental quantities of the refrnclory
alloyo of interest, to thoroughly characterize
their cotapo~itions and structural, and to de-
vel, op and refine the Lr.rhnology to fabricate
~nd Joiu these alloya inlu Lhc romponent geome-
tries necnaaary for turt.her trnting,

Out-of-Reactor flaterialn Testlnl—.- .—— .-.—— . .——

‘Thr ultimate tent [or the ruel# Jnd
rltldding tnaLerinla identified for 111P SP-100
reactora in to perform in-r~acto- Himullltr,l



life testing with actual pr!>totype component
configurations. This is, of course, the ❑ost
certain method of assessing the functional in-
tegrity of the various fuels and materials com-
binations of interest under the extreme envi-
ronmental conditions that they will be sub-
jected to in actual use, Such in-reactor
testing, ia, however, extremely expensive and
time consuming. Therefore, work is being con-
ducted OJ a number of out-of-reactor screening
tests-t.ior to embarking cn an in-reactor test.

The focus of this work will be on accuatu-
lating necessary data on the physical and Mech-
anical properties of the refractory alloya of
interest to help narrow the many Suela and
cladding combination to those ❑oat feaaible
for each of the proposed reactor deaigna. An
important consideration here is to aaaure Lhat
the materials chosen can withstand the mechan-
ical loadjn,ga experie.iced duiing shuttle launch
and orbital booot.

Among the physical properties of intereat
are alloy density, phaae relationahipa, thermal
conductivity, thermal expanaion and emiaaivity,
and the effects of thermal aging on alloy pro-
pcrtiea. The mechanical properties of moat i!n-
portance for the refractory alloya inclra~e the
low temperature fracture toughneae and ductile-
brittle transition, and high temperature creep
strength and fatigue. Both static and dynamic
mcchanic~l tests will be cond~cted, with the
high temperature mea~urementa carried out in
vacuum to reduce the potential for alloy oxi-
dation. Deformation and fracture mechaniam~
will be studied in detail where an under-
~taniing of such ia deemed ●ssential for ●ff?c-
tive materials uae or nelertionm In addition
Lo the parent materials, welded or joined sgec-
imens will alao hc lnclmlcd in the mechanical
testing program. The effects of lrradiatjon on
the physical and mechanical properties of the
mo~t prumiaing refractory alloy candldatea will
he examined in subsequent in-reactor teatn,

![aLcrials Compatibility TesLing. .——. —. ..—

An diacuoasd curlier, a~nuring the ccz,pat-
lbllitv of the various fuel~ nyrntemn component
(fuel, cladding, and coolant) for long t!me
periods under thr adverae themal, mechanical,
iIml rfldldtion cnvlronmen:.a of the SP-100 re-
.Icl,]r [H onr of the moat important feasibility
iHHucN ,Iill.lllg rractor develupersm These re-
,lctorH r~prr:;vnt nn vxtremely dynamic operatln~
{,nvirunmrllt un!lcr whirh Lhr IImita uf mater iola
lnlr~rily will he p,lshrd, mnd where there la
nmplr rnrrgy tivnilablr Lo mohllize mater (alo
LvmprmvILu .IINI rpactlun productu Ir 41 au ffi -
cirn L thrrmodyn;lmi~ llrlvinR I!)rrt? I!XIULE, Thr
long Lrrm wm~u,pauncr~ 01” thu rhrmiral lnll!r-
,!cLiunn rroultlnR in lhl. Iucln Hy~l@m rnvirou-
MPI!l roll:,L b!, wf~ll un~lurn(o~ld 10 aunuri! prngrum
Sur(, cnn ,

The research here is ,Iirected at demon-
strating the stability and compatibility of
the fuel-cladding-coolent combinations of in.
terest. Thermodynamic atudiea are being con-
ducted to resolve the apparent conflicts in the
published thermorhemicnl data for hypostc,icl]io-
metric U02. Resolution of this ias,ie is necc.s -
aary both to understand and to predict the high
temperature compatibility of UC)2 with ..efr.c-
tory. alloy cladding materiala. In related
work, thermochemical atudiea are underway LO
determine the ratea of oxygen or nitrogen dif-
fusion from the UO

8
or UN fuel through the

cladding material a d into the heat transport
fluid (Li]. Also, the alkali me-al corrnaion
reaiatance of the cladding alloya in the pres-
●nce of UN or UO ia being investigated under a

?!range of conditl ns. This information ia nec-
eaaary to umderatand the conaequencea of
claddinq breaches in the SP-1OO fuel ayatem,

The major product from these ●fforta will
be a thermochemical model or models that will
predict the chemical behavior of the fuels aya-
tem components as a function of time, tempera-
ture, and composition which can be used to
guide both the in-reactor teata and the further
specification Oc materials in the reactor aya-
tema.

~n-Reactor Fuels and Materiala Teatini

The centerpiece of the SP-1OLI fuel.a system
development and testing activities over the
next several yeara will be a comprehensive
series of in-reactor tests dcaigned to provide
neceaa,ary data on fuel swelling and fiaoion
ga a releaae, fuel-cladding mechanical inter-
action, fuel-cladding-coolant chemical compat-
ibility, and irradiation effects on refractory
alloy materiala. An additional, longer term
reaaon for conducting in. reuc Lor trata ia to
develop u fuels nystema pcrf~rm:lnr~ d,lta b;,~e
with prototype fuel form irr;ldiated in J t’~ht
neutron ●nvironment.

The first in-reactor teata in the program
are scheduled t.o begin in late 1984, These
inilial tests are of short dur~Lion #nd are
designed to pruvid~ scoping lnfonrmtiou 10 uup-
port the down nrl{~r.tion to J si:,glr Sp-loo”
~yatem con~ept Ln mid 1985. The goa! of this
in-pile Leacing i~ to provide preliminary data
on the swelling behavior of UN and UO , and on
Lhe cun,paLiblllty 0[ irrmllatud fuel -tladding-
coolant comblnai.inns at aevetal temperature
and fuel burnupa, III addition, these ●arly
rcfactot lenls will prnvldp mn aaaebemenl of
the ●[lrctb of irrndintion on thu phynical
and mechauirisl properliea of sclcct(!d refrnc -
tnry rnctnl nlloya,

A Lt?chnical plan 10 vow lminR completed
I’or LhF inlt in, irrfidintlon tralg. rhtrae tent-
will he vunducted in FXM1-1[ under ocreleratrd
rnnditiunn uLill$tinR a trsL capaule of proven



desibn (Figure 1). As illustrated in the
figure, the test capsules hsve provision t’or
containing prototypic fuel pins surrounded by
Li in a configuration simulating an SP-1OO re-
actor environment. The final conditions and
variables for Lhese initial in-reactor tests
are yet to be deveLopcd, but current thinking
includes the paramet~~rs iisLed i.1 Fig~lrc= ~.

Assuming that tbr !:l:ti II L,?St m~trix 1s
inser~ed into the re,~ct~r ir, late 1984, the
first lnw burnup (J;,sI:Ic,:; should he available
for examin:iti~c. \ [; ...Jcly I!)E5 , The rem.aln!nR
capsules, illCi UdLng some replacement inserts,
will be retrieved iron) the rr~c Lor throughout
the remainder of 19S5.

Post-irradiation ex;imination of the fuels
.Ind materials inulude,l i:] Lhe in-reactor tests
will include both nondestructive and destruc-
tive chemical and physical examinations de-
signed to ●lucidste the important ‘structures
and properties of the irradiated samples.

~[::[}L\Ry

Three conceptually different compact fast
reactor desi-ns for 100-kWe space reactor sys-
tems are being assessed to determine the most
feasible for further d~velopment into a fully
flyable unit in the early 1990’s. The major
technical uncertainties aaaociated with the
L_uels systems of these candfdate reactors re
tuel swelling and fission product behavior du-
ring irradiation and fuel-cladding-coolant
compatibility. A fuels system develo~ent and
testing program has been started to address
these technical uncertainties, and to provide
Lhe necessary scientific support to the current
technical ssaessment and advancement phase of
the SP-100 Program,
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